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'5^' Preparation and isolation of single-stranded biotinyiated nucleic acids by avidin-biotin cleavage. 



t^i A biotinyiated target nucleic acid can be isolated from a mixture of nucleic acids using a capture reagent 
comprising avidin. The targeted nucleic acid is comple>ed with avidin on a substrate and separated from 
uncomplexed materials. The complex is heated at above 65*0 for a suitable time to cleave the avidin-oiotin 
bonds to reiease the desired targeted nucleic acid. Upon release, the targeted nucleic acid can be collected or 
detected in a suitable nr>anner. such as with a complementary probe. This method is also useful for preparing 
single-stranded DNA for a number of uses. 
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This invention relates to meThG::s for preparing and isolating a targeted nucleic acid which is 
biotinyiated. These methocs are useful in the fietds of molecular biology, biochennistry and genetics and 
have industnai appiicaiion tn diacncstics and nucleic acid sequencing. 

Smgle-stranaed DNA ;s useful m a nunnber of innportant technologies. For examoie. the aetermination of 

5 the sequence of a nucleic acic has hac enormous impact in the fields of molecular biology, biochemistry 
and genetics Many sequencing methods require the use or generation of smgie-stranced DNA at some 
stage m the methods. Nucieic acid seouencing has promoted consideraoie researcr. and commercial 
activity. A single nucleic actc :s generally characterized by nucleotide sequence, molecular weight, size and 
shape. A useful sequencing procedure is described, for example, by Gyilens:eir. and others 

TO ( Proc.Natl.Acad.Sci.USA . 85 op 7652-7656. October, 1988). 

Single-stranded nucleic acids are also useful as probes in mjedical diagnostics cased on the hyonoiza- 
ticn of complementary nudectioes of nucleic acias to detect pathogens, diseases, genetic features or 
disease-causing situations. The DNA complex is normally stabie. but the strancs car be separated (or 
denatured) by conditions whicn oisrupt the hydrogen bonding between complementary nucleotides. 

75 In addition, hybnctzanon assays are used m forensic testing, both criminal (laenrfymg persons by 

samples of hair, blood or semen left at the scene of the crime or on the victim^ anc non-cri'^ina) ^such as 
for paternity determinations and immigration screening) 

The use of ccmptementary nucleic acids to aetect small quantities of targeted nucieic acios has beer 
enhanced considerably by the development of polymerase chain reaction procedures as described, for 

20 example, in US-A-4, 683.1 95 and US-A-4, 633.202. Without going into aetan regarding these orocedures they 
involve the use of a polymerase tc miake extension products whicn are complementary ic tne target nucieic 
acid strands, which exiension prcaucts are denatured and multiplied themselves m,any times m cyclical 
fashion. Thus, the original targetec strands are multiplied greatly for eventual aetect'on. Ir some instances, 
one or both primers used in sucn proceoures are biotinyiated for complexation with avidin ror capture or 

25 detection. 

Nucleic acids have been labeled with a number of detectable moieties in order to facilitate the detection 
of hybridized strancs. Biotin has been commonly used as a Detectable moiety because it readily combines 
with avidin to form stable detectable complexes. 

The high affinity of biotin for the glycoprotein avidin provides the basis fo' many established procedures 
30 for the detection and isolation of biotin-associated proteins or nucieic acids. With the introduction of 
biotinyiated nucleotide analogs by various researchers, it has become possible to apply this affinity system 
to the detection of specific nucleic acids by usmg biotinyiated hybridization probes. The strong avidm-biotin 
complex can provide a single-step, high yield retrieval procedure of targeted nucleic acids from crude 
mixtures. 

35 Because workers in the art have wanted to avoid harsh chemical denaturing conditions (for example, 6 

molar guanidine HCI, pH 1.5) to break avidin-biotm complexes, many reagents have been synthesized to 
enable the captured nucleic acid tc be released from the capture probe and isolated. For example, in some 
instances, a nucleic acid is chemically modified to have a chemically cleavable linkage between the 
nucleotides and the biotin. Shtmkus and others fProc.Natl.Acad.Sct.USA. 82. pp. 2593-2597. 1985) aescnbe 

40 the use of a disulfide bond as a means for reversibly binding nucleotides to avidin-agarcse columns Other 
chemically cleavable nucleotides are described in US-A-4.772.691 to provide a means for chemical 
cleavage under relatively miid conditions. 

While the chemically-modified reagents known in the art serve the desired function, it would be highly 
desirable to avoid the need to synthesize or purchase such reagents due to the tedious synthetic 

45 procedures and expense. It woula oe desirable to have a simple, but effective means for isolating or 
preparing biotinyiated nucleic acids without harsh chemical denaturing conditions, and the need for 
expensive reagents. 

The proDlems noted above are overcome with a method for isolating a biotinyiated target nucleic acid 
from a mixture of nucieic acids, the method comprising: 
50 A. contacting an aqueous mixture of nucleic acids, at least one of the nucleic acids being a biotinyiated 
target nucleic acid, with a substrate having covalently attached thereto molecules of avidm or a derivative 
thereof. 

so as to form a water-insoluble complex of avidin or a Derivative thereof and the at least one 
biotinyiated target nucieic acid on tne supstrate. 
55 B. separating uncomplexec materials from tne water-insoluble complex. 

C. subjecting tne separaiec water-msoiuble complex to heat above 65 * C for a time sufficient tc break 
substantially a!! of the avidin-biotin bonds in the comolex to reiease the resulting biotinyiated target 
nucleic acid, and 
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D. colleciing the --f-'easec! mctinyictea target nucieic acid. 

Moreover, a methoc ^or the amo '".caticn of a target nucleic acid comprises: 

A. amplifying a target nuceic acic in a specimen using a polymerase chain reaction anc at least one 
biotinyiatec primer to form = DiQt:ny!atec target nuoeic acid, 

5 B. contacting the Piciinyiatec :arget nucieic acid with a substra:e having ccvatently at^achec thereto 
moiecjies of avid:n or a osnvati'/e :nereof, 

so as to torrr, a water-msc^ucie conpiex of avidm or a derivative thereof anc the biotinyiateo targei 
nucleic ac;d on the sjosfate. 

C. secarating uncompt9>ed m.ateria s from the wate'-msoiubie comolex. 
:c D. subjecting tne separaiec wate'-insoiuoie complex to heat above 65" C for a time sufficieni tc break 
substantially alt of the avidir-oio;;n oonds m the complex to release the resulting bicunyiatec target 
nucieic acid, anc 

E. collecting the "eieased btctinyla^ec ta-'get nucieic aciC. 

This invention also orovides a metnoc :or preparing single-strandec DNA comprising: 
^5 A. amplifying a ta'-ge: r^ucteic aciC tr a specimen using a polymerase chain --eaciion and a oair o^' 
primers, oniy one of -.vmcn is oictinyiaied. to form a biotinylated strana of the target nucie.c acic and a 
nonbiotinyiaied stranc o* tne target nucieic acid in admixture, 

B. contacting the mixture with a suostrate having covalently anached thereto molecules or avidm or a 
dehvative thereof. 

20 sc as to form a '.va-e''-<nsciuoie comoiex of avidm or a derivative thereof and the biotrylated strand 

of the target nuc'S'C acic on the sutsrste, 

C. separating the ncnbictinylaiec strand from the water-insoluble compiex by wasning, 

D. subjecting the separatee water-tnsolubie comoiex to heat above 65 *C for a time sufficient to breaK 
substantially al! of tne avidin-oictin bonds m the compiex to release the biotinylated strand of tne target 

25 nucieic acid, and 

E. collecting the releasee D'otmyiated otranc of the target nucleic acid. 
Moreover, a metnoc fo' the aetermination of a target nucleic acid comprises: 

A. amplifying a target nucieic acid in a specimen using a polymerase chain reaction ana at least one 
biotinylated primer, to form a biotinylated target nucleic acid, 
30 B. contacting the oiotinyiatec target nucleic acid with a substrate having covalently attached thereto 
molecules of avidin or a derivative thereof, 

so as to form a water-msoluoie complex of avidin or a derivative thereof and the biotinylated target 
nucleic acid on the substrate, 

C. secarating uncompie<ed materials from the water-insoluble complex, 
35 D. subjecting the separated wate^-insoluble complex to heat of 65 *C for a time sufficient to break 
substantially all of the avidin-biotin bonds in the complex to release the resulting biotinylated target 
nucleic acid, 

E. contacting the released biotinylated target nucleic acid with at least one oligonucleotide probe 
complementary to the biotinyiated strand to form a water-insoluble hybrid proauct, 
40 F. separating nonhybndizea, wate^-soluble materials from the water-tnsoluble hybrid product, 

G. contacting the water-insolubie hybrid product with an enzyme-avidin conjugate to form a water- 
insoluble complex between the conjugate and the hybrid product and 

H. detecting the water-insoiuble complex as a measure of the amount of target nucieic acid in the 
specimen. 

45 The present invention provides a simple and relatively inexpensive method for captuhng, isolating or 
preparing biotinylated nucieic acias. It avoids the harsh chemical aenatunng conditions that are described in 
the liierature, and yet the need for preparing or purchasing expensive biotinylated reagents is also avoided. 
These advantages are possible oy cleaving avidin-btotin complexes by heating the complex to a tempera- 
ture greater than 65* C for a time sufficient to break the complex, in doing sc, however, the attached nucleic 

50 acids are not harmed (assuming that unnecessarily high temperatures are not used). Generally, tempera- 
tures in the range of 85-100* C for a few seconds to a few minutes are sufficient. More details of the 
procedure are given oelow. 

The present invention is directed tc the preparation, amplification or isolation of biotinylated nucleic 
acids, particularly those predetermined fthat is, target) nucleic acids in a mixture of nucleic acics. Such 

55 materials can be found in ceiluia^ or virai samples, hair, boay fluids or tissues of humans or animals 
containing genetic DNA or RNA whicn can be biotinylated and aetected 

Some of the uses of biotinyiatec nucieic acids isolated with this invention mciuae diagnostic methods, 
nucleic acid sequencing and forensic testing The invention can also be used tc obtain targe quantities of a 
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specific nucleic acid :rDnn a mixture of nucleic acids resulting from a chemicai synthesis. Other uses of 
purified biotinylatea nucleic acids are readily aoparent to one skilled m the art. 

Nucleic acids can be obtained from various sources including plasnnids. naturaiiv occurring DNA or 
RNA from any source 'bacteria. yeasL viruses, plants, higher animals and humans). They rrav oe extracted 
5 from various tissues anc fiuids using materials and procedures knovvn in tne art. 

in a preferred embocimer.t. the biotmylated target nucleic acid is isolated f^orr, a mixtu-^e of nucieic 
acids after amplificaticn using ooiyn^.erase chain reaction, which is oescnbed in more detail beiOw 

Biotiny:ated nucleic acids are isolated from an aqueous mixture of nucieic ac:ds by contacting the 
mixture witn a suDStrate having avidin molecules covaiently attached thereto This comae: can be 
TO accomplished in any suitable fashion, such as by mixing the substrate in particulate form within the aqueous 
mixture, or by applying the mixture to the substrate which is tn the form of a film. The method of contact 
wili depend largely on tne type substrate used, of which there are many, inciuding films, porous filters or 
matrices, beacs. tuoes. mic-ctiie' plates and others known m the art. Contact can occur a: any suitable 
temperature, although it is usually at room temperature, and will occur for at least 10 seconcs and up to 5 
r5 hours m oraer to allow sufficient compiexation of biotin ana avidin on the substrate. 

"Biotin" as a term is usee herein to include hexahydro-2-oxo-i H-thien0L3.4]imid£2Oie-4-pentanoic acid 
(aiso known as Vitamm H) and biotin derivatives such as biotin-t-N-lysine. biocytin hydraztae. amino or 
sulfhydryi derivatives of 2-im.inobiotiP and biotmyl-t-ammocaproic acid-N-hydroxysuccmimtde ester sul- 
fosuccimmideimmobiotin, bictmoromcacetylhydraziae, p-diacobenzoyi biocyt;n anc S-iN-mat- 
20 eimidopropionyi^biocyiin as long as these aenvatives can be suiiapiy aUached to nucieic acics 

3iotinylated nucieic acics are readily prepared using procedures known in the an. ^o: example, a 
preferred procedure is aescribea in detail in WO-A-89 02931 . This procedure is generally as follows: A 
phthaiimtdc tnethyieneglycol phosphoramidite is incorporated at the 5'-end of the oligonuclectide of interest, 
and the phthaiimtde is converted tc a primary ammo group by hydrolysis using ammonium nydroxide N- 
25 hydroxysuccmimiooDtctin is then attachea tc the free ammo grouo to form the desired biotmylated nucleic 
acid. 

As used herein, the term "avidin" refers to the protein commonly found m egg whites as well as 
derivatives or equivalents thereof, such as streptavidm. succinyiated avidm, monomenc avidtn or an 
antibody to biotin. Avidin can be covaiently attached to a suitable support through reactive groups on the 

30 substrate surface. There are many useful reactive groups which react with a free amine group of the avidin 
moiecule. Such groups include, but are not limited tc, carboxy, active halogen, activated 2-substituted 
ethylsutfonyl, activated 2-substituted ethylcarbonyi, active ester, vinytsulfonyl, vinylcarbonyl. aldehyde, 
epoxy. ammo and sulfhydryi. Particularly useful reactive groups are carboxy, active halogen, activated 2- 
substituted ethyisulfonyi and vinytsulfonyl, all of which are known in the art. Some of these groups will react 

35 directly with the avidin moiecule while others, such as carboxy. require the use of a compound to produce 
an intermediate which will react with the avidin molecule. Preparation of substrates, such as films and 
particles having these reactive groups is well knovv^n m the art. In particular, small polymeric particles which 
are preferred are readily precared using emulsion or suspension polymerization techniques. Tne following 
references provide useful details for preparing some of such substrates and reacting avidin thereto: US-A- 

40 4.582.810. WO-A-84.03358, EP-A-0 302 715, EP-A-0 380 235 and EP-A-0 370 694. 

A particuiariy useful substrate is a polymeric particie composed of a polymer, at least on its outer 
surface, prepared from one or more ethylenically unsaturated polymenzabie monomers having carboxy. 
active halogen atom, activated 2-ethylsulfonyl or vinylsulfonyi groups for reaction with avidin. 

Useful polymeric particles generally have an average diameter of at least O.Ol ameter. with diameters m 

45 the range of from 0.1 to 5 umeters being preferred. The particles can be composed of the same polymer 
throughout, or they can be core-snell polymers as described, for example, in US-A-4, 703.01 8 and EP-A-0 
280 556 where the shell polymer has the requisite reactive groups. 

Once the avtdin-biotm complex has been formed, thereby immobilizing the biotinylatea nucleic acid, 
uncomplexed materials are separated from the complex using a suitable procedure such as centnfugation, 

50 filtration, washing and other techniques known in the art. Various wash steps and fiuids are also known m 
the art including wash solutions containing salts, chaotropic agents, N.N-dimethylformamide or dimethylsul- 
foxide. Preferably, separation is earned out using a microporous filtration membrane such as those 
marketed by Pall Corp. as BiodyneTM, LoProdyne'w or UltiporeTM microporous membranes. The mem- 
branes can be mounted in filter or test devices for convenience and analytical determination, such as the 

55 disposable test devices commercially available as the SurecellTW test kits marketed by Eastman Kodak 
Company. 

The immobilized comoiex is then subjected to heat for a sufficient time and at a sufficient temperature 
to break the avidin-biotin bond, releasing tne biotinylated nucleic acid of interest. The time and temperature 
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will vary inversely. The higner the ter-iperature, the less time will ce neeaed to break tne bend Ger^erslly, 3 
temoerature of 65 ' C is mintmurr, icr breaking the bond m a reasonaoie time (30 minutes). Preferably. The 
process is simplifiec even more oy neating the complex above 90 ' C for at leas* 5 nmutes, anc more 
preferably, by heati-c :o- 5 to 30 minutes aoove 95' C. Although tem.oeratures over iOO° C can oe usee, t 

5 IS usually not oractical ana liuie efficiency is tc be gamec by the hicner temperatures. Tne upoer 
temperature where the nucieic acics are aamaceG :s consiaerao;y mgher (300' Ci. Routine expe''imen:at:cn 
can be carried out ic find the optimum time and temperature for reteasmg the bictinyiaiec nucieic aoc 

The released biotinylated target can then be collected or further manipulated m various research cr 
diagnostic procedures. It can be collected, ror example, using a capture prooe navmg a compiementarv' 

7C oligonucleotiae. More generaily, the released biotinylated nucieic acic is used for oiagnostic purooses to 
detect infectious diseases or cancerous cells. 

It should be understood that tne biotinylaied nucleic acid can oe a singie-stranoed or doubie-siranced 
molecule. If it is a double-stranoed m,olecjie. one or ootn of the strands are piotinyiated. 

The present invention car aisc be used :o amplify a target nuCieiC acid using ociymerase chain reaction 

15 and a biotinyiatec primer, anc ;sola!ing the ampiifieo biotinyiated ta-gei nucieic acid usmg tne separation 
neating and collection steps oescibec above. 

More particularly, a Target nucleic acid in a spec;men (such as a bioicgica: fluid) is amoiifiec using 
polymerase chain reaction as aescribed in detail, for example, in US-A-4,683,1 95 ana US-A-4.5S3.202 
Example l below illustrates a representative polymerase cham reaction amplification procedure. 

20 As usee herein in referring tc prime's, the term "oligonucleotide" refers to a molecuie ccmpnsec of two 

or more aeoxyribonuceotices or rioonucieotides, and preferaoly more than tnree The exact Size ;s -^ct 
cntical (except for tne prooe described beiow) but aecenos upon many factors Inciucmg the uitimiate use or 
function of the oligonucleotide. The odgonucleotioe may be derived syntnetically or oy other methods 
known in the art. 

25 The term "primer" refers to an oligonucieotiae. whether naturally occurring or synthetically produced 

which IS capable of acting as a point of initiation of syntnesis wnen placed under concitions m which 
synthesis of a primter extension product complementary tc a nucleic acid sirand ;s induced. Such conditions 
incluae the presence of nucleotides (such as the four standard decxyribonucleotiae Triphosphates) and an 
agent for polymerization such as a DNA polymerase, and suitable temperature and pH. 

3C A mixture of primers can be used in the amplification, and a set of primers is generally used ^or each 
nucleic acia sequence to be amplified. Each primer is substantially complementary tc a nucieic acid 
sequence of the target DNA. By "substantially complementary" is meant that there are a sufficient number 
of bases on the primer that match with the corresponding bases in the target DNA that the primer will 
hypridize with that sequence. It aoes not mean, however, that every base pair will match. 

35 The primers are generally smgie-stranded. The exact size of each primer will vary depending upon the 
use contemplated, the complexity of the target sequence, reaction temperature and tne source of the 
primer. Generally, the primers used in this invention will have from 15 to 50 nucleotides, and preferaoly. 
they have from 20 to 30 nucleotioes. 

Primers useful herein can be obtained from a number of sources or prepared using known techniques 

40 and equipment, including for example, an ABI DNA Synthesizer (available from Apclied Biosystems) or a 
Biosearch 8600 Series or 8600 Series Synthesizer (available from Milligen-Biosearch. Inc.) and known 
methods for their use. Naturally occurring primers isolated from biological sources are also useful {such as 
restriction endonuciease digests). 

At least one of the primers used m the method is biotinylated, that is, it has a biotin moiety covalently 

45 attached thereto. Such conjugates of pnmer and biotin can be readily prepared using known technology, 
described for example in by Connolly in Nucleic Acics Research, 15(7). 3131 (1987). A preferrec procedure 
for Dictinylating a primer is described in WO-A-89/0293r 

The denatured strands of a target nucleic acid are contacted with suitable primers unoer conditions 
such that a mixture of hybridized products of primers and target DNA strands are formed. Such conditions 

50 are those normally used for amplification as described in US-A-4, 683,202. Pnmer e>tension products are 
then formed with at least one of tne hybridized products followed by additiona! priming anc extension 
product formation After denaturation (that is, separation of co.m,plementary proaucts), the replicated 
biotinylated nucleic acid is now the target of interest and can be isoiatec using the avidm-biotm reaction, 
. heating and collection steos described aoove 

55 The present invention is aiso useful for amplification of a specific nucleic acid having two complemen- 

tary stranos. Most nucleic acid sequences of interest already are double-sirandec, such as those found m 
DNA However. single-Strand nucleic acic sequences, such as mRNA, can be similar^y deteciec a^ie'' it :s 
converted tc a aoubie-stranoed seouence using reverse transcriptase 
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A sDecific nucieic ac.a seauence :s reproduced usmg the riucie;c acic; containing thai secuence as a 
template. If the nucieic acid contains two strands, it is necessary to separate the strancs. either as a 
separate stec or sirnuJtaneousiy ^^/itn the fornnstion of primer extension products Denaturing can be 
acconnplishec using any suitable pnysical, chemical or enzvmatic means as aescribec m the art Heating to 

5 a suitable temoerature is a oreferrec means. 

Once the separated strancs are available tor use, synthesis of additional nucleic acic strancs can be 
earned out using the primers :n c buffered aqueous solution generally at a pH of from 7 to 9 Preferably, a 
mola- excess of the pnmers :s acded to the buffered solution, and soecific amounts are taught \r the art (tor 
example, US-A-4.683.2C2, noted above). The aeoxyribonucieotioe triphosphates dATP, dCTF dGT? and 

rc dTTP are aisc adoed to tne synthesis mixture m aaequate amounts anc the resuiimg solution ts heated to 
90-100* C for up to 10 minutes, and preferably from 1 to 4 minutes. After this heating, the solution is 
preferably cooled to room temperature, and an appropriate agent for inaucing (or catalyzing; the formation 
of primer e)Ctension products is introduced. This inducing agent ;s generally known m the art as a 
polymenzation agent. Reaction to form, these products is earned out unoer known conoitions icenerally from 

T5 room temperature to that temoerature at which polymenzation no longer occurs). 

The polymerization agent may be any compound, or combination of reagents, wmch will function to 
accomplish the synthesis of pr:m.er extension products, including enzymes ffor examoie E ccli DNA 
polymerase 1. T4 DNA polymerase. Klenow polymerase, reverse transcriptase anc: others known m tne art) 
Particularly useful enzymes are tnermalty stable enzymes, cioned or naturally occurring, sucn as those 

20 obtained from, various Therr-.us bacterial species Other polymerization agents are descnced m US-A- 
4,683.202 (noted aoove)^ 

Preferred thermally stable enzymes are DNA polymerases fromL Thermus aquaticus as cescnoed tn EP- 
A-0 258 017 and WO-A-99'0669 1 Useful polymerases can also be obtained from, strains of Thermus 
thermophilus (such as strain HB-8). as described for example by Ruttimann and others. Eur. J Biochem., 

25 149, pp 41-46 (1985). Hudson and others. J. Gen. Microbiol.. 132. pp. 531-540 (1986) and Costa and 
others. Proc. Fed. Eur. Microbiol. Soc Symp.,"pp. 82-97 (1988), StTTother useful enzymes are described by 
Rosst and others. Syst. AdoI. Microbiol. 7(2-3) po. 337-341. 1986. Some useful polymerases are commer- 
cially available Generally, the synthesis of extension products will be initiated at the 3' end of each primer 
and proceed m the 5' to 3' direction along the template until synthesis is terminated. Some polymerization 

30 agents (for example, reverse transcriptase) may proceed in the 3' to 5' direction along the template. 

The newly formed primer extension products comprising the newly synthesized strands and their 
respective primers form double-stranded molecules with the initial target stranas which are used in the 
succeeding steps of the method. These strands are then separated by denaturation as described above to 
provide singie-stranded molecules, onto which new nucleic acids are synthesized as described above. 

35 Additional reagents may be needed to keep the amplification procedure going, after which most of the 
extension products wilt consist of the specific nucleic acid sequence bounded by the primers (that is, 
complementary products). 

The steps of strand seoaration and extension product synthesis can be repeated as often as needed to 
produce the desired quantity of the specific nucleic acid needed for the use. for example detection. 

40 Generally, the sequence of steps is repeated at least once, and preferably at least 10 to 50 times. 

The target nucleic acid can be obtained from any source, including plants, microorganisms, animals, 
humans, as noted above. It is particularly desirable to amplify a Human Leukocyte Antigen (HLA) DNA or 
DNA associated with retroviruses, such as HlV-1. Those skilled in the art would be able to amplify other 
single-stranded or double-stranoed nucleic acids with the present invention. 

45 The following examples are presented to illustrate the invention. The scope of the invention is not to be 
so limited. AM percentages are based on weight unless otherwise notec. 

Example 1 : Amplification and Isolation of Biotinylated HLA DNA 



50 This example demonstrates the use of the present invention to amplify a target HLA DNA using a 
biotinylated primer, and isolation of the amplified nucleic acid using avidin-biotin com.Dlexation and 
denaturation. 

Materials: 

55 

A reagent composed of polymeric particles of poly[styrene-co-m & D->'2-chloroethyisulfonytmetnyl)- 
styrene] (95.5:4,5 motar ratio) was used to immooiiize the amplifiec nucieic acid. Avidin was covaiently 
attached to these panicles to form the reagent as follows: 
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Egg wnite aviQir (Sigma Chemical. 6 mi of a solution contamrng 5 mg aviair di$sc!vei ;r 6 ml or 
deionized distilled water) was added to a solution of borate buffer (50 ml of a 0.05 moiar solution. oH 6.5) 
containing 0.01 °o merthiolate m a polypropylene centrifuge tube. This tube was then capoed and snaken 
vigorously. Tne dispersion of Doymenc particles (1.35 ml, 15.5% soncs, average oarticle diameter of 2.54 
5 j.m) was added to the tube. was capped again anc rotated end-cver-enc for 24 hou's The ^-esulting 
dispersion was washed with glycine buffer (0.1 moiar. pH 8.5) containing merthioiais iOOl^*;. anc 
resuspenced in fresn glycine outre- *o product a stock solution containing the desirec -eagenr ■;0.3°c solidsi. 

A DNA polymerase was used in amplification which was isolated from Thermus aauaticus and had an 
activity of aoout 4 L'J. u.-'. 

70 HLA homozygous ceil line FPF (from Human Genetic Muiant CeH Deposit at Camcen. N.J i was the 
source of DNA from the HLA-DOq locus (10° copies). 

The pr:mers used in the amniification procedure had the following nucleic acic sequences- 



-5 SEQ ID NO: 1 (Primer 1) 

5 '-I-CTCGGATCCG CATGTGCTAC TTCACCAACG-3 ' 

SEQ ID NO: 2 (Primer 2) 

GGTCCCCTCC AGGACTTCCT TCTGGCT-3 ' 

wherein Y reoreserts a biotmtetraethyiene glycol linker arm prepared and attacned using the o^ccedure 
25 described m WO-S9 02931 (noted above). 

The dNTPs used ;n the polymerase chain reaction were labeled with tritium. 

A salt wash solution inciucec sodium chloride (17.6 g). sodium pnosphate (17 mmola--,, 
ethylenediaminetetraacetic acid (2 mmolar), sodium dodecyl sulfate (0.5%) in 1 liter of water (pH 7.4) 

30 Method: 



~wo samples of the target nucleic acid were added to a buffered solution {100 llI) containing tns- 
(hydroxymethyl)aminomethane hydrochloride (67 mmolar, pH 8.8), ammonium sulfate fl6.6 mmolar), 
magnesium chloride (2.5 mmolar) and gelatin (10 ug). The primers described above were adaed (20 
pmoies of each), toiiowed by addition of the tritiated dNTPs (0.175 mmoiar of each), the DNA polymerase 
identified above {12 units) and the DNA segments noted above. Amplification was earned out for 35 
consecutive cycles as follows: 

70*C rising to 95»C 1 minute 

°5"C 0.5 minute (denature) 

95'C lowering to 65*C 1.25 minutes 

65'C 0.5 minute (hybridise) 

65"C rising to 70«C 0.75 minute 

"^O'C 1 minute (extend primers) 

The resulting mixtures of nucleic acids were each filtered to remove unextended biotinyiated primers 
and excess tritiated dNTFs. The resulting mixtures (100 ul) were mixea with the polymenc particles having 
avidin attached thereto (2 mg) each to a finaf voiume of 200 ul, and incubated at 37 C for one hour to form 
the avidin-biottn complex. 

After washing one of the mixtures three times with the salt solution identified above a: 25 C, the 
amount of tritium ;abel was determined. The results indicated that both complementary target nucleic acid 
strands were immobilized on the particles. 

The second mixture was washed three times with sodium hydroxide fO.l normal* to denature the 
immobilized double-stranded nucleic acids. After centrlfugation to remove the water-solubie materials, the 
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amount of tntiunn labei m tne water-trs'iuble residue was measurec anc founa to oe about 50°o of the total 
count, indicating that tt^e stranos on the particles were successfully aenatured. 

The Single-stranded nucleic ac:c zo the particles was then isolated by heating a suspension of the 
immobiiized material {in the salt so;ut on noted above, total volume of lOO at 95 ' C for 30 minutes to 
5 break the avidin-biotm bonas. The Dar:icles having avidin attached thereto were removed oy centnfugation, 
and the supernatant containing the HLA nuctetc acid of interest was collected. Measurement cf tne tritium in 
the supernatant reveaied a full recovery of the single-stranded nucieic acid. 

Example 2: Detection c: Target KLA ONA Using Color Detection 

10 

This example demonstrates the practice of this invention to detect HLA DNA using a cye-Drovtdmg 
detection composition. 

Materials: 

:5 

The reagents descnbed m Exarrcie 1 above were usee, except that the dNTP's were no: tntiated. The 
following additional reagents were atsc used: A probe prepared from, an oligonucleotide corr.ciementary to 
the target nucleic acid navmg the following seauence: 

SEQ ID NO 3 : 

5 ' -2-AGTACTCGGC ATCAGGC-3 ' 

wherein X represents an amincteiraethyiene glycol linker having 16 ethylene glycol units, preoared and 
25 anached to the oligonucleotide accorcmg to the procedures of WO-A-S9 02831 (noted above) 

The oligonucleotide was covaiently attached to particles of poly(styrene-co-acryiic acid) i'70:30 molar 
ratio) having an average diameter of 2.1 am, to form a probe as follows: 

An aqueous solution of the panicles (1 ml. 30 mg particles) was centrifuged and the supernatant 
removed. The particles were then resuspended m glass-distilled water (1 m!) by vigorous vortexing. The 
30 suspension was again centnfugec. the supernatant removed and the particles resuspended in a solution (1 
ml) of methylimicazole {0.2 molar) ana sodium chloride {3 normai. pH 7). 

To this suspension was adoed the noted modified oligonucleotide (2.5 nmoles) and the resulting mixture 
was mixed well. The activating compound i-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (5 
mg) was added, and after thorough mixing by vortex, the reaction mixture was incubated at room 
3S temperature with occasional mixing for at least two hours (generally about 15 hours). 

The supernatant was first removed after centnfugation, and the solids were washed with the following 
fluids by centnfugation and pipetting off the supernatant between solutions; a) three times with glass- 
distilled water (1 ml), and b) three times with a buffer solution ft ml) of sodium chionde (0.018 molar), 
sodium phosphate (1 mmolar), ethylenediaminetetraacetic acid 10.1 mmolar) and dodecyi sulfate (CS^o, pH 
40 7.4). The buffer solution had been prewarmed to 70* C. 

The the last wash, the solids were resuspended in glass-distilled water to a final volume of i ml to make 
a 3% particle dispersion which was storea at 4* C until use. 

A conjugate of horseradish peroxidase and avidin was obtained from a commercially available See- 
QuenceTw HLA-D kit (Eastman Koaak Co.), 
45 A leuco dye composition for providing a detectable dye was prepared as follows: solid 2-(4-nydroxy-3,5- 
dimethoxyphenyl)-4.5-bis(4-methoxyphenyl))mida2oieteuco dye (to make a 0,1% solution) was dissolved in a 
solution of poly(vinyl pyrrolidone) (20%) in sodium phosphate buffer fS mmolar). This solution was then 
added to a solution containing hydrogen peroxide (10 mmolar), 4'-hydroxyacetanilide (5 mmolar) and 
diethylenetnamtnepentaacetic acid fiO umolar) in sodium phospnate buffer to produce a finai concentration 
50 of 1% polymer and 0,005% leuco dye. 

Assay : 

The target nucleic acid was amoiified and reacted with the avidin-polymer reagent tc form tne avidm- 
55 biotin complex as described in Example i above. 

The mixture was then washed three times with sodium hydroxide (0.1 normal) to aenature the 
immobilized double-stranded nucleic acid. After centrifugation tc remove soluble materials, the single- 
stranded nucleic acid was isolated by heating a suspension of the immobilized nucleic acid (m the salt 
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solution noted above. :00 ul total voiume) at 95 *C for 30 minutes to break the avidin-bioiin bond. The 
particies having avidin attached thereto were removed by centrifugation. The supernatam contained the 
smgie-stranded HLA nucleic acid of interest. 

The isolated nucietc acid solution ,10 u!) was mixed with the probe (200 ug) in a solution comprising 
sodium onosphate (0.125 moiar). sodium chloride (2,5 normal) and ethylenediammetetraacetic ac;c f5 
nnnoiar) having a pH of 6.3. The rina! voiume was 30 ul. This solution was incubated for 10 minutes at 
38 *C to hycribize the p'obe with the isolated single-stranded nucleic acid. 

The solution was acded to the test wells of a SureceliTM disposable test device (Eastman Kodak Co.> 
containing LoProdyne"^-^^ microporous filtration membranes (Pall Corp.) in the bottom.s of the test welts, and 
the fluid was allowed to dram through the membranes immediatefy. The hybncized product of the probe 
and target nucleic acid was retained on the surface of the memoranes. The product was -vashed with a 
solution (300 ul) comonsing sodium, phosphate (0.85 mmoiar). sodium chloride (15 mmotart anc sodium 
dodecyl sulfate (0.5°o), which had been prewarmed to 55* C. The peroxidase-avidin reagent (30 u: 
containing 2.3 ng of reagent) was acded, and the SurecellTu test aevice was incubated ai room, lemperature 
tor two minutes. The excess peroxidase-avidin reagent was washed through the filter with a sciu'ton i200 ^l) 
of tris(hydrcxymethyf)aminomethane (50 mmotar), sodium dodecyl sulfate (2.4%), sodium cnlonae (0 5 
normal) and 1 -methyl-2-pyrroiidinone (10*^ = , pH 8.8). The leuco dye composition .'50 llI) was then added to 
the test wells, and the appearance of a red dye on the membranes in five minutes indicated the presence Df 
the target HLA nucleic acid. 
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SEQUENCE LISTING 
SEQ ID NO: 1 

SEQUENCE TYPE: Nucleotide 
SEQUENCE LENGTH: 30 
STRANDEDNESS : Single 
TOPOLOGY: Linear 
MOLECULAR TTPE: Primer for 
polymerase chain reaction 
IMMEDIATE SOURCE: Synthetically 
prepared 

5 ._Y_CTCGGATCCG CATGTGCTAC TTCACCAACG-3 ' 
SEQ ID NO: 2 

SEQUENCE TTPE: Nucleotide 
SEQUENCE LENGTH: 27 
STRANDEDNESS : Single 
TOPOLOGY: Linear 
MOLECULAR TYPE: Primer for 
polymerase chain reaction 
IMMEDIATE SOURCE: Synthetically 
prepared 

GGTCCCCTCC AGGACTTCCT TCTGGCT-3 ' 
SEQ ID NO: 3 

SEQUENCE TYPE: Nucleotide 
SEQUENCE LENGTH: 17 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

MOLECULAR TYPE: Capture probe to 
be attached to substrate 
IMMEDIATE SOURCE: Synthetically 
prepared 
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FEATURES: Can be modified to 
attach an aminot etraethylene 
glycol linker 

5 ' -AGTACTCGGC ATCAGGC-3 ' 



Claims 

1. A method for ■soiaiing a oiotinyiaLec target nucleic acic from a mixture of nucleic acics ccmpr.smc;: 

■f A. contacting an acueous mixture ot nucleic ac:as. at least one o' the nuc eic 3C:cs □ei'^c a 

biotinytatec target nucieic acid, with a subsirate having covalentiy attacnec there:: moiecules or 
avidin or a derivative thereof. 

so as to form a A'ate-'-insolufcie complex of avidin or a derivative tnereo:' anc t'-^e at least one 
biotinylated target nucietc acid on the substrate. 

2C B. separattnc unconripiexed materials from, the water-irisciuble comple<, 

C. subiecTing tne secaratec water-irsolubie complex to heat above 65 ' C :c! t ti-^.e s^^ric.ent rc 
break substantially al; of the aviam-Diotin bonds in the complex to release the -esjiting oici'nyiated 
target nucieic acid, and 

D. collectinc ^he released biotinylaied target nucieic acic. 

25 

2. A method for the amoliftcation of a target nucleic acid comprising: 

A. ampiifyinc a target nucleic acid in a specimen using a polymerase cnain reaciion anc at least one 
biotinylaied primer to form a biotinylated target nucleic acid, 

B. contacting the biotinyiated target nucleic acid with a substrate having covalentiy attacnec theretc 
3C molecules of avidin or a derivative thereof. 

so as to form a water-insoluble complex of avidm or a derivative thereof and the biotinylated 
target nucleic acid on the substrate, 

C. separating uncomctexed materials from the water-insoluble complex, 

D. subjecting the separated water-insoiuble complex to heat above 65 * C for a time sufficient to 
35 break substantially all of the avidin-biotin bones in the complex to release the resulting biotinylated 

target nucleic acid, and 

E. collecting the released biotinylated target nucieic acid. 

3. The method as claimed in claim 2 wherein a single biotinylated primer is used in the amplification. 

40 

4. The method as claimed ;n claim 2 or claim 3 whierein this target nucleic acid is HLA DNA. 

5. A method for preparing single-stranded DNA comprising; 

A. amplifying a target nucleic acia in a specimen using a polymerase chain reaction and a pair of 
-5 primers, only one of which is biotinylated. to form a biotinylated strand of the target nucleic acid and 

a nonbtctinylated strand of the target nucleic acid in admixture, 

B. contacting the mixture with a substrate having covalentiy attached thereto molecules of avidin or a 
derivative thereof, 

so as to form a water-insoluble complex of avidin or a derivative thereof and the biotinylated 
50 strand of the target nucleic acid on the substrate. 

C. separating the nonbiotinylated strand from the water-insoluble ccmoiex by washing, 

D. subjecting the separated water-insoluble complex to heat above 65 'C for a time sufficient to 
break substantially all of the avidin-piotin bones m the complex to release tne oiotinvlatec stranc of 
the target nucleic acid, and 

55 E. collecting the released biotinylated strand of the target nucleic acid. 

6. The method as claimed in ctaim 5 for preparing single-stranded HLA DMA. 
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7. The method as ciaimed jp c;airr 5 tor preparing single-stranded HIV-I DNA. 

a. A method for the determination of a target nucleic acid compnstng; 

A, ampiifytnc a target nucleic acid m a specimen using a polymerase chain reaction and at least one 
5 biotinylated primer, to rorr- a iDiotinylated target nucleic acid. 

B. contacting the biotiryiatec target nucleic acic with a sucstrate having covalentiy attached thereto 
molecules of avidin or a certvaiive thereof. 

so as to form a water-msoiuble complex of avidin or a derivative thereof and the oiotmylatec 
target nucieic ac;d on the substrate. 
w C. separating Lincompiexec materiais from the water-msoSuble complex, 

D, subjecting the separated water-msoiubie complex to heat of 65* C for a time sufficient to break 
substantially all of the avicm-ciotin bones in the complex to release the resulting bioimyiated target 
nucleic acid, 

E. contacting the -eieased oiotinylated target nucleic acid with at least one oligonucleotide probe 
75 complementary to the biotinylated strand to form a water-msoluble hybrid product, 

F separating nonhybridized. water-soluble materials from the water-insolubie hybrid product, 

G. contacting the wate^-trsolubie hybrid product with an enzyme-avtdin conjugate to form a water- 
tnsoluble complex between the conjugate and the hybrid product and 

H. detecting the water-msoiuoie complex as a measure of the amount of target nucieic acid m the 
20 specimen 

9. The method as claimed tr any o' claims 1 to S wherein the water-msoluble complex is heated at above 
90* C for at least 5 minutes 

25 10. The method as c:aimed m any of claims i to 9 wherein the water-insotuble complex is heated at above 
95* C for from 5 to 30 minutes. 

11. The method as claimed in any of claims l to 10 wherein the substrate is a polymeric panicle. 

30 1Z The method as ciaimed in caim 11 wherein the polymeric particle is composed of a polymer prepared 
from one or more ethylenicaliy unsaturated potymerizable monomers having groups covalentiy reactive 
with avidin or a derivative thereof, the reactive group being carboxy, an active halogen atom, activated 
2-ethylsulfony! or vinylsuifonyt. 



12 



J 



European 
Patent Office 



EUROPEAN SEARCH 
REPORT 



icanon Numcer 



EP 91 20 1015 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 


Citation of ticcument witn maication. where aooroortate, 
of reieva-t oassages 


levant 
to ciAtm 


Classification op the 

APPLlCiTtQN (int. C!-5) 


X 


ADVANCES IN PROTEIN CHEMISTRY, vol 29. 19~5, edited 
by C.B. Anfinser et a!, zages 35-' 33. Academic P-ess, New 
York, US. N.M, GREEN: "Avicir" 
' Page 39, secticn C ' 


1.9.10 


C 12 Q 1 65 
C 07 H 21 00 
■3 01 N 33 5S 


Y 


IDEM 


2-7,1 1,12 




D.P.Y 


E°-A-0 370 694 (KODAH.) 
' Whole docunnent * 


2-~ 




D.Y 


EP-A-0 302 7^15 (KODAHj 
" Abstract ' 


11,12 






EP-A-0 322 31 1 lAP^LlEC SlCS'-'S^EMS i 
' Page 6. lines 51-60: oage '2, lines :2-i9 ' 


1 




A 


WO-A-3 703 911 (GENERICS INSTITUTE) 
' Pages 5,6: ciair^s 56-53 







NUC. AC, RES., vol, 13. 1985, ^ages 45-57, Virginia, US; T 

KEMPE et al.: "Cher^.ical and enzym.atic biotin-iabsling of 

oligo-deoxyribonucieotioes" 

' Page 47, paragrach 4 - page 43. paragraph l 



TECHNICAL FIELDS 
SEARCHED (int. CI. 5) 



Th9 present searcn reoort nas Men arawn up for ail claims 



Place of saarcn 


Date of completion ot search 


Examiner 


The Hague 


05 August 91 


MOLINA 3ALAN E, 



CATEGORY OP CITED DOCUMENTS 
particularly relevant it taKen alone 
particularlv relevant j1 combined with anottier 
document of the same catagory 
tecnnologicat background 
nof>-writien disclosure 
intermediate document 
: theory or principle unaenying (he invention 



E : earlier oatent document out published on, or after 

the filing dale 
D: document cited in the aoDlicatron 
L : document Ctted for other reasons 

& : member ot the same patent family, corresoonding 
document 



